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Abstract. A solution to the problem of synthesizing an initial three-dimensional kinematic chain with spherical 

and rotary kinematic pairs is presented. It is shown that this chain can be used as a structural module for 

structural-kinematic synthesis of motion of three-dimensional four-link motion-generating lever mechanisms by 

the preset positions of the input-and output links. 
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Introduction 

The work specifies the solution of the problem of synthesis of the original spatial kinematic chain 

with spherical and rotational kinematic pairs and shows its use as a structural module with structural 

kinematic synthesis of spatial four-link moving linkage mechanism as per specified positions of the 

input and output links [1]. 

Problem statement: given N  of finite distant positions of two solids 1Q  and 2Q  

 ),,( 111

1 iiiQ φψθ  ),,,,,( 222

2 iiiDiDiDi ZYXQ φψθ  Ni ,1=  , (1) 

where 
j

iθ , 
j

iψ , 
j

iφ  – fixed axis Eulerian angles OXYZ ; 

 DiX , DiY , DiZ  – the position of the point iD  of the solid 2Q .  

It is required to find such points in the fixed axis as ),,( AAA ZYXA , ),,( BBB zyxВ  of the solid 

1Q  and ),,( CCC zyxC  of the solid 2Q , so that distance between the points B  and C  in all positions 

of the solids 1Q  and 2Q  is a little different from the constant value R  (see Fig. 1). 

 

Fig. 1. Equivalent four-link initial kinematic chain ABCD  

Problem solution: Let us introduce the weighted difference for i  position of solids in a form [2] 
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and 
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It is a function of ten parameters: AX , AY , AZ , Bx , By , Bz , R , Cx , Cy , Cz . By grouping these 

parameters in fours with the common parameter R , let us represent the weighted difference in three 

different forms 
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where [ ]i

kjT  is the transfer matrix from the k  coordinate system to the j  system determined as 

 [ ]Tii
TT 1001 =  [ ]Tii

TT 2002 =  
iii ТTT 200121 ×=  ,...100212

iii
TTT ×=   (11) 
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The necessary conditions for minimum of the sum of squares of the weighted difference 
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may be written as the following system of equations 
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From (13-15), considering (5-7) and (12), we obtain 
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Assume that 0≠R . Then from the last equality of the system (16), it follows that 
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With provision for (17), the system of equations (16), takes the form: 
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By substituting the expressions for 
( )1

iq
∆  from (5) into the system (18), we obtain 
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The system (19) is linear with respect to the variables  
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where .
~~~~ 2222

AiAiAiAi ZYXR ++=  

The solution to this system by Cramer’s rule is as follows 
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Similarly, from (13), considering (6) and (17), we obtain a system of linear equations in the 

unknowns Bx , By , Bz , 2H   
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By solving this system by Cramer’s rule, we obtain 
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From (14), considering (7) and (14), we obtain a system of linear equations in the unknowns Cx , 

Cy , Cz , 3H .  
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From which we obtain Cx , Cy , Cz , 3H  
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Eliminating the first four unknowns 
AX , 

AY , 
AZ , R , based on formula (20), it is possible to 

bring the system (13-15) to a system of six equations with six unknowns Bx , By , Bz , Cx , Cy , Cz , 

which is convenient to be given as 
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Apparently, equations of this system are the same as the three equations of the thirteen degree in 

the three unknown functions given in the work [3], though in this case we have a system of six 

equations in six unknown functions. Solution of the system (26) is a labor-intensive task, so it is more 

effective to apply a search algorithm of the minimum of the function S  stated below: 
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Bx , 
)1(

By , 
)1(

Bz , 
)1(

2R . 

5. Give points 
( ) QA ∈1

, 
( )

1

1 QB ∈ . 

6. Solve the system of equations (25) and determine 
)1(

Сx , 
)1(

Сy , 
)1(

Сz , 
)1(

3R . 

7. Check ε≤−+ i

A

i

A XX 1
 ε≤−+ i

A

i

A YY 1
 ε≤−+ i

A

i

A ZZ 1
 ε≤−+ ii

RR
1

 

8. If this condition is satisfied, the iterating is completed. 

9. If this condition is not satisfied, proceed to item 1 by replacing the reference points 
( )0

B  and 
( )0

C  

for the found points 
( )1

B  and 
( )0

C . 

10. Then check the accuracy of the prescribed function reproduction by analysis of the position IKC 

ABCD. 

 
30 322110 DD rTTTr ⋅⋅⋅=  

11. The iterating is completed, if the accuracy of reproduction satisfies the prescribed function.  

If it does not satisfy the prescribed accuracy, it is necessary to proceed to item 1 of the given 

algorithm. 

By applying the algorithm, we obtain a decreasing sequence of values of the objective function 
)2(

3

)2(

2

)2(

1

)1(

3

)1(

2

)1(

1 ,,,,, SSSSSS  which has a limit equal to the value of the function S  at the point of 

local minimum. When satisfying the inequality 

 ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ε≤−−−− −−−− 1111 ,,,max i

A

i

A

i

A

i

A

i

A

i

A

ii
ZZYYXXRR  

where ε  – the prescribed calculation accuracy, the iterating is completed.  

Convergence of the suggested algorithm is proved by the Weierstrass theorem: for each 

function ( )xf , continuous over [a, b], and any real number 0fε , such a polynomial ( )xp  may be 

found that ( ) ( ) εpxfxP − . 
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As a result of the problem solution, the points ),,( AAA ZYXA  are determined in the fixed system 

of coordinates, ( )
1

0
QB ∈ , ( )

2

0
QC ∈ , when coinciding the link ВС with them, we obtain the desired 

IKC in form of an open four-link chain ABCD. 

Then we check the accuracy of the prescribed function reproduction by analysis of the position of 

IKC ABCD. If the accuracy of reproduction satisfies the prescribed function, the iterating is 

completed, and if it does not satisfy the prescribed accuracy, it is necessary to proceed to item 1 of the 

prescribed algorithm. 

When specifying a part of the desired synthesis parameters in various combinations, we obtain 

different modifications of IKC [9]. 

• If the coordinates of the point ),,( AiiAA ZYXA
i

 and Eulerian angles 
1

iθ , 
1

iψ , 
1

iφ  of the 

solid 1Q  as well as the axes of the point )Z,Y,X(D DiiDDi
i

 and Eulerian angles 
1

iθ , 
1

iψ , 

1

iφ  of the solid 2Q  are specified, we obtain a three-link open chain ABCD (Fig. 1). The 

necessary conditions for the minimum of the sum S  in this case take the form 

 0=
∂
∂

j

S  
CCCBBB zyxRzyxj ,,,,,,=  

and to find the minimum S  we may use the algorithm given above, considering that the 

parameters XA, YA, ZA are specified. 

If the points A(XA, YA, ZA) and D(XD, YD, ZD) are fixed, then as a result of the synthesis of IKC, we 

obtain a spatial four-link chain ABCD. 

• Given the coordinates 0=== CCC zyx  of the point 2QC ∈ , coordinates DiX , DiY , DiZ  of 

the point D  of the solid 2Q  and Eulerian angles 
1

iθ , 
1

iψ , 
1

iφ  of the solid 1Q  , and the desired 

parameters AX , AY , AZ , R, Bx , By , Bz . 

The necessary conditions for the minimum of the sum S  take the form 

 0=
∂
∂

j

S
 BBBAAA zyxRZYXj ,,,,,,=  

To find the minimum of the function S  we may use again the algorithm given above, considering 

that .0=== CCC zyx  

• Given coordinates 0,, =BBB zyx  of the point В of the solid 1Q  and Eulerian angles of the 

solid 2Q , 
2

iθ , 
2

iψ , 
2

iφ . The original problem reduces to the definition of the sphere of 

positions of the fixed point C of the solid 2Q  which is the least remote from N  (Fig. 1). 

The necessary conditions for the minimum of the sum S  are 

 0=
∂
∂

j

S
 CCCAAA zyxRZYXj ,,,,,,= . 

This problem was studied in details in work [10]. For its solution we may also use the algorithm 

given above, assuming 0,, =BBB zyx , but in this special case, the algorithm of the minimum search 

is absolutely coinciding with the kinematic inversion method. 

Thus, as we see, the problem of IKC with spherical kinematic pairs is solved, and their 

modifications may be used as modules of structural and kinematic synthesis of spatial linkage 

mechanisms through specified positions of input and output links. 
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On existence of problem solution of initial kinematic chain synthesis  

with spherical kinematic pairs 

This section of work describes the existence of problem solution of IKC synthesis with spherical 

kinematic pairs. 

The content of problem solution of IKC with spherical pairs is as follows (11) 

 [ ]Tii
TT 1001 =  [ ]Tii

TT 2002 =  
iii ТTT 200121 ×=  

iii
TTT 100212 ×= .  (27) 

By considering the necessary conditions for a minimum sum of the weighted squared differences 

 [ ]
2

1

∑
=

∆=
N

i

qi
S .  (28) 

But, the stated algorithm of synthesis of IKC parameters with spherical kinematic pairs as per 

specified positions of solids 1Q  and 2Q  does not give results in such cases of degeneracy, when one 

of the determinants )3,1( =iDi  in the course of iteration goes to zero (21), (23), (25), therefore there 

may be cases in the course of IKC synthesis with spherical kinematic pairs, when degeneracy 

conditions (21), (23) and (25) may be met in various combinations. The total number of variations of 

indicated combinations, including non-degenerate case as well 

 83

3

2

3

1

3

0

3 =+++ CCCC . 

Therefore, during IKC synthesis with spherical kinematic pairs as per specified positions of solids 

1Q  and 2Q  we may obtain eight different structural variations of IKC. Thus, at various combinations 

of 0=iD  )3,1( =i  we have come to the following conclusion. 

Theorem: If two adjacent links of open four-link IKC with spherical kinematic pairs go to infinity, 

it is necessary to change the spherical kinematic pair for the plane or cylindrical pair. 

Proof: If in expression (21) 01 =D , then ∞→),,( AAA ZYX  and the center of the circle 

approaching the sphere will be lied in the plane or along a straight line. Then, except for the required 

parameters of IKC 1),,( QzyxB BBB ∈  and 2),,( QzyxC CCC ∈  with a common parameter R , on a 

fixed system of coordinates OXYZ instead of the point QZYXA AAA ∈),,(  it is necessary to 

determine the coefficients a , b , c  in the plane q . 

 01 =+++ iii cZbYaX  ),1( Ni = . (29) 

The synthesized link AB limits the movement of the point B of solid Q1 along the plane q. 

Therefore, the coefficients of the point B shall satisfy the equation of the plane in specified N ≤ 9 

positions. After determining a , b , c  coefficients of the plane, it is necessary to select structural 

parameters of the plane pair. An equivalent kinematic chain with two prismatic pairs is shown in Fig. 

2, the axes of which are parallel to the plane q. 

Similarly, when N of the specified positions of solid Q1 determined by coordinates 

)
~

,
~

,
~

(
iii BBB ZYX  ),,1( Ni = are lying in the plane (along a straight line), then .02 =D  

If 0
~~~

≠==
iii BBB ZYX , i.e. these points do not coincide with the origin of coordinates Axy , the 

system (21) is also incompatible, ∞→2,,,
2

Hzyx BBB  and the center of the circle approaching the 

sphere is infinitely distant. Then in solid 1Q  it is necessary to determine a plane or straight line (23) 

with coefficients a , b , c , in solid 2Q  the point C  with coordinates CCC zyx ,,  and the 

point ),,( AAA ZYXA on a fixed plane. An equivalent four-link kinematic chain ACD  with cylindrical 

and spherical pairs is shown in Fig. 3. 
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Fig. 2. Equivalent four-link initial kinematic chain ABCD 

In the latter case, when all N of the specified conditions of synthesis of movable solid Q2 points 

determined by coordinates ),,~(
iii CCC zyx , ),1( Ni =  are lying along one straight line (in the plane), 

then D3 = 0.. 

 

Fig. 3. Equivalent four-link initial kinematic chain ACD 

If ,0~~~ ≠==
iii CCC zyx  i.e. these points do not coincide with the origin of coordinates zyxD ′′′ , the 

system (25) is incompatible, ∞→3,,, Hzyx CCC  and the center of the circle approaching the sphere 

is infinitely distant. In this case, it is necessary to find a straight line on solid Q2, on solid Q1 

point ),,( BBB zyxB  and on solid Q point ),,( AAA zyxA  in all specified positions. An equivalent four-

link kinematic chain ABD with cylindrical and spherical pairs is shown in Fig. 4. 

 

Fig. 4. Equivalent four-link initial kinematic chain ABD 
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Thus, during synthesis of IKC with spherical kinematic pairs as per specified positions of input 

and output links of the mechanism, in the case when two adjacent links of IKC go to infinity, it is 

necessary to replace the spherical kinematic pair for the plane or cylindrical. In such a case, after 

definition of the required parameters, the synthesized mechanism will have an appearance of a spatial 

slotted link mechanism. 

Synthesis of initial kinematic chain with rotating, plane and spherical kinematic pairs 

This section considers a problem of synthesis of spatial initial kinematic chains (IKC) with 

rotating, plane and spherical kinematic pairs as per specified positions of input and output links based 

on introduction of two movable solids all the time connected with input and output links [5-8]. 

It is required to find the point ( )AAA ZYXA ,,  on solid Q , to find the plane on solid 1Q  

 0=+++ dczbуax   (30) 

and the point ),,( CCC zyxC  on solid 1Q , which in its motion about solid 1Q  approached to the 

desired plane (30). Equation of the plane (30) on fixed solid Q  is determined by known 

transformation formulas 

[ ] [ ]+−+−+−+−+−+− 322212312111 )()()()()()( tZZtYYtXXbtZZtYYtXXа ACiACiACiACiACiACi  

 [ ] 0)()()( 332313 =+−+−+−+ dtZZtYYtXХc ACiACiACi ,  (31) 

where  jiψ , jiφ  angles are given; angle 0=jiθ , ...2,1=j , .,1 Ni =  iiji 11 φψα += , iiji 22 φψβ += . 

 



















⋅



















++

+−+

=



















11000

100

0)cos()sin(

0)sin()cos(

1

2222

2222

C

C

C

Di

Diiiii

Diiiii

Ci

Ci

Ci

z

y

x

Z

Y

X

Z

Y

X

φψφψ
φψφψ

 , (32) 

 )cos( 1111 iit φψ +=  )sin( 1121 iit φψ +=  )sin( 1112 iit φψ +−=  )cos( 1122 iit φψ += , 

 133 =t  043424132233113 ======= ttttttt . 

After substitution of the expression (32) in formula (31) and required transformations let us 

comprise the weighted difference 
i

q∆  of the point ),,(
CCCi

zyxC  from the plane (31) as 

 ++−+−++=∆ ijijijijijijii XGGGGGq 54321 )sin()cos(sincos βαβααα  

 19876 −++++ GGZGYG ii ,  (33) 

 

where 

 )(1 AA bYaXG +−=  AA aYbXG −=2  CC byaxG +=3  

 CC bxayG −=4  aG =5  bG =6  cG =7  CczG =8  AcZG −=9  

 

















⋅

















−=

















Di

Di

Di

jiji

jiji

i

i

i

Z

Y

X

Z

Y

X

100

0cossin

0sincos

αα

αα

. 

It should be noted that ten required parameters enter into the expression (31), but after 

normalization of the straight-line equation 1−=d , the nine required parameters remain. These are the 
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coefficients of equation of the plane a , b , c  coordinates AAA ZYX ,, , points QA∈  and coordinates 

CCC zyx ,, , points 2QC ∈ . 

Let us comprise the sum of squares of the weighted difference for N  positions 

 [ ]∑
=

∆=
N

i

iqS
1

2
 Ni ,1=  

Stationary conditions per variables 

 0=
∂
∂

j

S
 ),,,,,,,,( 987654321 GGGGGGGGGj =  

would result in the following simultaneous linear algebraic equations as 91 GG ÷  

 BGA =⋅   (34) 

where matrix elements ( )9,9A , ( )9G , ( )9B . 

Solution of the system (34) enables you to determine the required parameters of synthesis. When 

the coordinates of stand ( )DDD ZYXD ,,  of the output link of the slotted link mechanism have fixed 

values, you can determine nine required parameters of synthesis: 

22

21

ba

bGaG
X A +

−
−=  

22

21

ba

aGbG
YA +

+
−=  

7

9

G

G
Z A −=  

22

43

ba

bGaG
xC +

−
=  

22

34

ba

bGaG
yC +

+
=  

7

8

G

G
zC =  

5Ga =  6Gb =  7Gc =  0
22 ≠+ ba  0≠c  

Therefore, as per assigned positions of input and output links of transfer mechanisms, you can 

synthesize the spatial slotted link mechanisms of type SRRPL
 ( R  rotational, PL Plane, S  spherical 

kinematic pairs). 

Now, let us consider a matter of choice of normalization of coefficients of equation of the plane 

a , b , c  With normalization of 1−=d , we obtain the weighted difference (32). When entering 

1−=a , 1−=b , 1−=c  into expression (32), we obtain exact expressions of displacements xi )(∆ , 

yi )(∆ , zi )(∆  of points iC  along axes OX , OY , OZ , respectively, which are weighted relative to 

displacement 
i

∆  along a normal line. Therefore, you may not say beforehand which normalization is 

the best and so it would be reasonable to consider all four events. 

Example 1 

Approximating synthesis of the spatial crank head RSSSL (SL Slider) mechanism on the basis of 

IKC on standard positions of input and output links. 

Let us set an angle of rotation ф an input link and according to the provision of output link of the 

projected mechanism (see Fig. 5). We make the weighed difference 
iq∆  

 
2222 )()()( RZZYYXX

iiiiiii ABABABq −−+−+−=∆  Ni ,1=   (35) 

where 
iAi aX φcos= ,

0
XX

Bi
= ,  

 iAi aY φsin= , αsinSYBi = ,  

 0=
Ai

Z , αcos0 SZZBi += . 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 25.-27.05.2016. 

165 

 

Fig. 5. Equivalent four-link initial kinematic chain OAB 

Substituting the values XA, YA, ZA, xB, yB, we find 

 ( ) ( ) ( ) 22

0

22

0 cossinsincos RSZaaSaX iiiqi
−−+−+−=∆ αφαφ   (36) 

Simplifying and using trigonometrical identities, we lead expression (36) to a look 

 ( ) 222

0

22

000 cos2sinsin2cos2 SRZaXsZSaaX iiqi
+−+++⋅+−−=∆ αφαφ   (37) 

We enter notation 

222

0

2

0403201 ;cos2;sin2;2 RaZXGZGaGXG −++==== αα  

the equation (37) takes the form 

 ( ) 2

4321 sincos iiiiiq SGSGSGG
i

++++−=∆ φφ  (38) 

From the necessary condition of minimum of the square sum of the weighed difference 

 [ ]∑
=

∆=
N

i

iqS
1

2  Ni ,1=   (39) 

it is possible to write down in the form of the following system of equations 

 )(,0 41 GGj
dj

dS
÷==   (40) 

Having written down the equation for ( )4,1,, =iS iiφ , we receive a system of four equations with 

four unknown quantities. After determination of the unknown coefficients of G1, G2, G3, G4 by the 

standard decision of the linear system of the equations it is possible to find the demanded design data 

of the mechanism from the following expression. 

 

0

1

2 X

G
a =  








=

a

G

2
arcsin 2α  

αcos2

3

0

G
Z =   (41) 

 ( ) 2
1

4

22

0

2

0
GaZXR −++=  

At approximation on six provisions, the angle of rotation of an input link and the position of the 

output S1 corresponding to the first exact point is added to four unknown parameters (a, R, X0, Z0), 

defining from the equation (35). 

At substitution ii
SSS +=

0  and ii φφφ += 0  in the equation (38) we receive the system 

from six equations, linear rather unknown Gi, i= 6,1   

 ( ) ( ) ( ) ( ) 2

654321 sincossincos iiiiiiiiq SGSGGGSGSG
i

++++−−−=∆ φφφφ  (42) 
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where 
01 sinsin2 φαaG = , 

02 cossin2 φαaG = , 

 
00003 sinsin2cos2 φαφ aSaXG += , 

 0004 2sin2 aSaXG += φ ,
005

2cos2 SZG += α  

 αcos2
00

2

0

222

0

2

06
ZZSRaZXG ++−++= . 

Having defined the unknown coefficients of G1, G2, G3, G4, G5, G6, from the necessary condition 

of minimum of the sum (40) taking into account (41), it is possible to find the values of six required 

parameters from ratios. 

 

1

2

0 arctg
G

G
=φ  

0
1 sinsin

2
φα

G
a =  

 

00

00

04

03

0

cossin2sin2

sinsin2cos2

cossin2

sinsin2

φαφ
φαφ

φα
φα

aa

aa

aG

aG

X
−

=  

00

00

40

30

0

cossin2sin2

sinsin2cos2

sin2

cos2

φαφ
φαφ

φ
φ

aa

aa

Ga

Ga

S

−

=   

 
αcos2

2
05

0

SG
Z =  ( ) 2

1

00

2

0

22

0

2

0
cos2 αSZSaZXR +++=  

Example 2 

Let us consider a problem of synthesis of a spatial four-link mechanism of type RSSR  

(R – rotational, S – spherical kinematic pairs). Approximately reproducing function [9-10]. 

 φψ
5

6
cos50−=  [ ]00

120,0∈φ . 

We divide an interval [ ]00
120,0  into 20 equal parts (Fig. 6). 

If we are given the axial angle 
o90=ρ  and coordinates 0== DD ZX , 2,1=DY  of the point 

D , let us determine the following parameters of the four-link chain ABCD  

 
222

BBB zyxa ++=  Rb =  
222

CCC zyxc ++=  
a

z Barccos0 =φ  
c

zCarccos0 =ψ  

 

Fig. 6. Four link spatial chain ABCD  

For synthesis of this problem, we use the expression (2). Then the matrix (8-10) is as follows 

030201 TTTT
i

jk ⋅⋅=  
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where 

 















 −

=

ii

ii

T

φφ

φφ

cos0sin

010

sin0cos

01  















 −

=

100

0cossin

0sincos

02 ρρ
ρρ

T  

















−

=

ii

ii

T

ψψ

ψψ

cos0sin

010

sin0cos

03
. 

In order to determine the required parameters of synthesis, we use the search algorithm of 

minimum of the sum S . Based on the above minimization algorithm, the value of minimum of the 

sum S=0,00012. Then a problem of mechanism synthesis reduces to minimization of the objective 

function of IKC 

 ( )[ ]∑
=

∆=
21

1

2
,,,,,,,,,

i

CCCBBBAAAqi zyxRzyxZYXS . 

For solution of this problem we apply the above given search algorithm of minimum of the sum 

S . According to the algorithm, we are given 10 values 
( ) ( ) ( )( )000 ,, BBB zyxB  и 

( ) ( ) ( )( )000 ,, CCC zyxC  

depending on the length of the links a  and c . For each preliminary value of the points 
( ) ( ) ( )( )000

,, BBB zyxB  and 
( ) ( ) ( )( )000 ,, CCC zyxC  in Table 1 the results of calculations are given [11-15]. 

The iteration process of minimum search of the function S  is completed upon satisfaction of 

equation 

 
( ) ( ) ε≤− −1kk

RR  
( ) ( ) ε≤− −1k

A

k

A XX  
( ) ( ) ε≤− −1k

A

k

A YY  
( ) ( ) ε≤− −1k

A

k

A ZZ , 

where  
410−=ε . 

Results and Discussion 

Suppose that it is necessary to design a four-linkage mechanism with spherical pairs (Fig. 1), 

approximately reproducing seven body positions specified in Table 1. Figures 7-10 demonstrate 2D 

graphics of objective function S for Example 2. 

Table 1 

The specified body positions 

№ xB yB zB R xC yC zC XA YA ZA S 

1 1.014 1.815 1.296 2.640 0.804 1.981 0.327 0.0001 1.204 0 0.0015 

2 0.917 1.716 0.821 2.415 0.901 1.761 0.383 0.0002 1.105 0 0.0010 

3 -1.117 1.644 0.726 1.967 0.766 0.926 0.414 0 1.086 0.0001 0.0012 

4 -0.318 1.471 0.922 1.764 0.546 0.816 0.438 0 1.266 0.0001 0.0005 

5 -0.227 1.213 0.609 1.691 0.652 0.639 0.469 0 1.189 0 0.0001 

6 0.781 1.044 0.323 1.511 0.591 0.622 0.455 0 1.099 0.0001 0.0001 

7 0.191 1.166 0.221 1.724 0.492 0.604 0.718 0.0003 1.675 0 0.0002 

8 0.212 1.071 0.348 1.547 0.515 0.765 0.665 0.0002 1.761 0 0.0014 

9 0.561 1.008 0.941 1.334 0.342 0.640 0.684 0.0001 1.360 0.0002 0.0019 

10 0.867 1.261 0.646 1.266 0.561 0.762 0.697 0.0001 1.141 0.000 0.0003 
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Fig. 7. Number of points S Fig. 8. Number of function points S = S(YA) 
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Fig. 9. Number of function points S = S(R) Fig. 10. Graphics of function S = S(xB, yB, zB) 

According to the algorithm the value of the global minimum Smin = 0.004292 has been determined 

as well as the value of coordinates of the global minimum: 

227631.0−=Bx  652906.0=Cx  0== AA ZX  

21314.1=By  639147.0=Cy  189776.1=AY  

609801.0=Bz  469694.0=Cz  69127.1=R  

Conclusions 

1. The use of one and the same objective function, composed for the synthesis of the IKC and its 

modification, allows you to automate the process of synthesis of spatial linkage mechanisms as 

per specified positions of the input and output links of the mechanism. 

2. In summary, when there is synthesis of IKC with spherical kinematic pairs as per predetermined 

positions of the input and output links of the mechanism, and when two adjacent links of IKC are 

tending to infinity, it is necessary to replace the spherical kinematic pair for a plain or cylindrical. 

In this case, the synthesized mechanism takes a form of a spatial link mechanism after 

determining the required parameters. 
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